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ABSTRACT: 

A tieat treatable coated article (e.g., vehicle windshield. IG unit, etc.) is provided with a dual-silver 
low-E coating Before and/or after heat treatment (HT), the coating and/or coated article has a 
visible transmittance of at least 70%. more preferably at least 75%. Moreover, the coatng and/or 
coated article is designed so as to have approximately the same color wrfien viewed over a vvide 
range of viewing angles. In certain embodimente. at least one contact layer (e.g., of or including 
NiCrOx) that contacts an infrared (IR) reflecting layer (e.g., Ag) is oxidation graded so that it 
progressively becomes less oxidized through its thickness as it nears the IR reflecting layer. In still 
other embodiments, a Si-rich silicon nitride layer(s) may be utilized to reduce haze. 
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fn (54) ritle: HEAT TREATABLE LOW-E COATED ARTICLES AND METHODS OF MAKING SAME 

^ (57) Abstract: A heat treatable coated article (e.g. vehicle windshield, IG unit, etc.) is pn>vided with f "^^^J^^^^ 
r^Sorc ^d/or after heat m^^^^^ 

® at l^t Tst l^^oreover, the coating and/or coated article is designed so as to have approximately the f^^^^i^^^^",^^^^^^ 
n TZir2c STwing angles. In certain embodiments, at least one contact layer (e.g. of or including NiCK)0 that contacts an 
S £L Ag) is oxidation graded so that it pK>gi.ssively becomes less oxidized through its th.clcness as U 

^ nt^S iSSng lay- In st^ll other embodiments, a Si-rich silicon nitride layers) may be utilized to reduce haze. 
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This invendou tetaKS to heat treatable Oo«-E) coated attioles. and methods of 
^ .he san«. Such coated articles n.y be used in the context of vehicle windshields, 
iffiuladng glass OG) tmits. and other siutable appUcadons. 

B A ricr.BOIJNP ™« TNVF.NTION 
Uyer coatings provided for sote management purposes ore known in the art. Such 
coadngs often seek to reflect infrared (IR) radiadon whUe at the san» time enabling a high 
an,ount of visible Ught transmittance. In the automobile industry, for example, vehicle 
^dshields often must have a visible Ught omittance of at ieast 70% in the United 
Suttes, and at least 75% in Europe, even when laminated with a polyvinyl butyral (PVB) 
uyer provided between opposing glass substrates. This need for ingh visible transonttance 
often conflicts with the need for good IR reflection, and it is difBcuU to obtain bod, 
si^alumeously. Making low-E coating designs more afficult is U,e need for a 
^hanicaUy and/or chemically durable coadng. as well as the need for a coating with low 
visible reflectance (glass side) that does not suffer radical color change when viewed at 
different viewing angles. U is also desirable for such coatings to be heat treatable, so that 
U,ey may be used in vehicle windshields where heat bending is required, tempered IG 
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units, and the like. 

U. S. Patent No. 5.584.902 (commonly owned herewith) chscloses a low-E coating 
system including, from the glass substrate outward, a stack of: Si3N4miCr/Ag/NiCi/Si3N4. 
Unfortunately, while this coating is heat treatable and low-E in nature, it is characterized 
by rather high emissivity and/or sheet resistance values which lead to rather low Rsoiar 
(total solar energy reflectance) values around 22-24 %. For example, one coating reported 
in the -902 patent had a sheet resistance (R^ of 14.4 ohms/square and a normal emissivity 
(EJ of 0.15 before heat treatment; and a of 10.5 ohms/square and a E„ of 0.1 1 after heat 
treatment. 

U. S. Patent No. 5,557.462 (commonly owned herewith) discloses a dual silver low- 
E coating including from die glass outwardly a stack of: 

Si3N4/NiCr/Ag^iCi/Si3N4/NiCr/Ag/NiCr/Si3N4. The coating system of the '462 patent is 
characterized by good emissivity values and good R^.. values. Unfortunately, the coating 
systems described in the '462 patent are not heat treatable (e.g.. upon heat treatment R, 
goes way up, such as from about 3-5 to well over 10, and haze tends to set m). Because 
the coatings described in the '462 patent are not heat treatable, as a practical matter tiiey 
cannot be used in appUcations such as vehicle windshields (where heat bending is 
required) or other applications requiring heat treatinent (HT) such as tempering, heat 
Strengthening, or bending. 
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Certain other dual-saver coatings are described in the background section of the 
aforesaid provisional application. See also U. S, Patent No. 6,060,178. Unfortunately, 
these coating systexns are plagued by poor durability before and/or after heat treatment 

STTlvrvrARY OF THE INVENTION 

An object of certain exemplary embodiments of this invention is to provide a heat 
treatable low-E coating (or layer system) which is mechanicaUy and/or chemically durable 
before and after heat treatment, the coating system having a visible transmittance of at 
least about 70%. 

Another object of certain exemplary embodiments of this invention is to provide a 
dual silver low-E coating which is heat treatable and is mechanically and chemically 
durable. 

Another object of certain exemplary embodiments of this invention is to provide a 
dual-silver low-E coating including at least one oxidation graded contact layer which 
contacts an IR reflecting layer, where the degree of oxidation in die contact layer is graded 
or changes throughout die thickness of die layer. Graded contact layer(s) can help enable 
the coating to have high visible transmittance coupled with heat treatability. 

Another object of certain exemplary embodiments of this invention is to provide a 
coating including a Ni or NiCr inclusive contact layer(s) (e.g., NiCrOx layer) which is 
oxidation graded in thickness so that one portion of the layer is more oxidized than another 
portion of the layer. Again, it is beUeved that graded contact layer(s) can help enable die 
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coating to have high visible transmittance coupled with heat treatability. 

Another object of certain exemplary embodiments of this invention is to utilize a 
siliconnitridelayerinalayerstackinordertoreducehazeexperienceduponheat 
treatment TOs siUcon nitride layer may be Si-rich in certain embodiments. 

Another object of certain exemplary embodiments of this invention is to provide a 
heat treatable duallsUver coatingAayer system designed to: a) be mechanically durable, b) 
have a visible transmittance of at least about 70%, more preferably of at least about 75%. 
andc)haveaR.. value of at least about 26%.morepreferably of at least about28%. and 

most preferably of at least about 29%. 

Another object of oertam exemplary embodunems of .his invention is to provide a 
coadng according .oo,« or more of the. above-listed objects «hich may be used in the 

context of an IG window unit and/or a vehicle windshield. 

Another object of certain exemplary embodiments of this mvention is to provide a 
heat ireatable low-E coating having high visible transmittance combined with a normal 
emissivity (EJ of no grea«r than 0.08 (more preferably no greater than 0.0« before hea, 
treatment, and/or an E. of no greater d>an 0.07 (more preferably no greater d>an 0.05) after 
heat treatment (HT). 

Another object of certain exemplary embodiments of this invendon is to provide a 
treatable low-E coating having high visible transmittance combined with a sheet 
(RJ of no greater than 10.0 ohms/sq. (more preferably no greater than 8.0 



heat 
resistance 
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rf^sq, and most preferablyBOg«a«toab«.<5.0oh™/sq0bef<«h«.t«a«^ 

and mo^ prrfe«bly no greater <han about 4.0 otam/sq.) ate heat tteadnent 

Another object of certain exemplar, embodiments of this invention is to provide a 
beat treatable low-E coating is eharacterizedbysnbstantialreflectivecolorst*^^ 

™,h shifts in viewing angle (VA). For example, in certain exemplary embodiments, 
coated arddes of .his inv«,tion may experience a gtass side reflecdve color cootdmate a* 
shift (i.e., Aa.) of no more than 4.0. more preferably no more than 3.0. and most preferably 
no more than 2.0, given a VA shift of about 60 degrees. 

AnodKr object of certain exemplary embodiments of this invention is to provide a 
heat neatable low-E dual sUver coating with a glass side reflective color coordinate a' 
vatae .vitbin the range of ftom -2.0 to XO before and/or after a 60 degree VA shift ftom 
nonnal, so as to minimize or reduce color change detectable by the human naked eye. 

Another object of certain exemplary embodiments of this invention is to provide a 
heat treatable low-E dual silver coating having a haze value after beat treatment of no 
greater fl>an 0.40. more preferably no greater than 0.30 (monohthic and/or m the context of 

a laminate such as a windshield). 

Another object of certain exemplary embodiments of this invention is to provide a 
beat treated laminated article having a dual silver low-E coating, with a glass side visible 
reflectance (R.Y)(m.C;2degree)of no g^thanll%, more preferably no greater than 

about 9.0%, and most preferably no greater *an 8 J%. 
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Another object of this mvention is to fulfiU one or more of the above-Usted objects. 

CSenerany speaking, certain example embodiments of this invention fulfill one or 
more of the above-listed objects by providing a coated article including a coating 
supported by a glass substrate, the coating comprising: 

an infrared (IR) reflecting layer contacting and sandwiched between first and 
second layers, said second layer comprising NiCrO,; and 

wherein at least said second layer comprising NiCrO, is oxidation graded so that a 
first portion of said second layer close to said infrared (IR) reflecting layer is less oxidized 
thanasecond portion of saidsecond layer Uiat is further from said infrared (IR)reflecting 

layer. 

Certain other example embodiments of this invention fulfill one or more of the 
above-Usted objects or needs by providing a coated article including a coating supported 
by a substrate, the coating comprising: 

a metaUic infrared (IR) reflecting layer contacting and sandwiched between first 

and second contact layers; and 

wherein said second contact layer is oxidation graded and becomes progressively 
more oxidized through its thickness proceeding further from said infrared (IR) reflecting 
layer. 

Certain other example embodiments of this invention ftilfill one or more of the 
above-listed needs or objects by providing a coated article comprising: 

a coating provided on a glass substrate, said coating comprising from the glass 
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substrate outwardly: 

a) at least one dielectric layer; 

b) a first contact layer that is at least partially oxidized; 

c) a first BR. reflecting layer comprising Ag; 

d) a second contact layer that is at least partiaUy oxidized, said first IR 

reflecting layer contacting each of said first and second contact layers; 

e) at least one additional dielectric layer; . 

f) a third contact layer that is at least partially oxidized; 

g) a second IR reflecting layer comprising Ag; 

h) a fourth contact layer that is at least partially oxidized, said second IR 

reflecting layer contacting each of said third and fourth contact layers; 

i) at least one additional dielectric layer; 

wherein after being heat treated (HT) and laminated said coated article has a visible 
transmittance of at least about 70%. a T«,. no greater than about 50%. an R«u. of at least 
26%. and a sheet resistance (Rs) of no greater than 8.0 ohms/sq; and 

wherein at least two of said first, second, third and fourth contact layers comprise at 

least Ni or a Ni alloy. 

Certain other example embodiments of this invention fulfill one or more of the 
above listed needs or objects by providing a coated article comprising: 

a coating provided on a glass substrate, said coating comprising from the glass 
substrate outwardly: 



wo 02/04375 PCT/USOl/21088 



8 

a) at least one dielectric layer comprising silicon nitride; 

b) a first contact layer comprising Ni or a Ni alloy at least partially oxidized; 

c) a first IR reflecting layer comprising Ag; 

d) a second contact layer comprising Ni or a Ni alloy at least partiaUy oxidized; 

e) at least one additional dielectric layer, 

f) a third contact layer comprising Ni or a Ni alloy at least partially oxidized; 

g) a second IR reflecting layer comprising Ag; 

h) a fourth contact layer comprising Ni or a Ni alloy at least partially oxidized; 

i) at least one additional dielectric layer; 

wherein after being heat treated (HT) said coated article has a visible transmittance 
of at least 70%, a T«„ar no greater than 50%, an R^^^ of at least 26%. and a sheet resistance 
(Rs) of no greater tiian 8.0 ohms/sq. 

Certain other example embodiments of this invention fulfill one of more of the 
above-Usted needs or objects by providmg a method of sputtering an oxidation graded 
layer, the method comprising: 

providing a substrate; 

providing a sputtering apparatus including at least one target; 

directing a first gas portion proximate a first side of the target and a second gas 
portion proximate a second side of the target, the first gas portion mcluding more oxygen 
than the second gas portion so that as the substrate passes below the target an oxidation 
graded layer is formed on an IR reflecting layer, the oxidation graded layer being more 



wo 02/04375 PCT/USOl/21088 



9 

oxidized at one portion thereof than at another portion thereof. 

Certain other embodiments of this invention fulM one or more of the above Usted 
objects by providing a coated article comprising: 

a layer system supported by a glass substrate, the layer system comprising from the 

substrate outwardly: 

a Si-rich siUcon nitride Si.Ny layer where x/y is from 0.76 to 1.5 in at least 

part of the layer; 

a first contact layer; and 
an IR reflecting layer. 
In different embodiments of this invention, part of all of Si-rich siUcon nitride 

layers may be Si-rich. 

This invention will now be described widi respect to certain example embodiments 

thereof as iUustrated in the following drawings, wherein: 

TN THE DRAWINGS 

Figure 1 is a side cross sectional view of a coated article according to an 
embodiment of this invention. 

Figure 2 is a schematic partial cross sectional view of a laminated vehicle 
windshield according to an embodunent of this mvention, in which coatings according to 
any embodiment of this invention may be used. 
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Figure 3(a) is cross sectional view of a portion of a coating according to an 
embodiment of this invention illustrating a pair of oxidation graded contact layers (e.g., 
NiCrO, layers) surrounding an ER. reflecting layer (e g., Ag). 

Figure 3(b) is cross sectional view of a portion of a coating according to another 
embodiment of this invention illustrating an m reflecting layer (e.g., Ag) surrounded by a 
pair of contact layers (e.g., NiCrO, layers), only one of which is oxidation graded. 

Figure 4 is a schematic and partial cross sectional view illustrating how a graded 
contact layer (e.g., NiCrO, layer) is deposited via sputtering in accordance with an 
embodiment of this invention. 

Figure 5 is a cross sectional view of the layer stack of coatings of Examples 1-3. 

Figure 6 is a cross sectional view of a coated article according to another 
embodiment of this invention. 

piTT-ATT Trn TiFSrttTPTTON QV CERTAIN EX EMPT ARY EMBODIMENTS 
■~ ■ OF THE INVENTION 

Referring now more particularly to the accompanying drawings in which like 
reference numerals indicate like parts or layers throughout the several views. 

Certain embodiments of this invention provide a low-E coating or layer system that 
may be used in appUcations such as vehicle windshields, other vehicle windows, skyUghts, 
glass doors, IG units, and the Uke. Coatings according to certain embodiments of this 
invention preferably have low-E characteristics as well as high visible transmittance. and 
are heat treatable. Preferably, coatings of certain embodiments herein are mechanically 
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durable before and/or after heat treatment (HD. and HT does n^^ 
insheetresistanceCigand/orhaze. As is known in the art. such HT often necessitates 
heating the coated substrate to temperatures of fromn(XfF(593«C)tol450^ 
for a sufficient period of time to attain the desired result (e.g., tempering, bending, and/or 
heat strengthening). 

Fignte 1 is a side cross sectional view of a coated article according to an 
embodiment of this invention. The coated article includes snbstrate 1 (e.g., clear, green, 
bronze, or bine-green glass substrate ton. about 1.0 to 10.0 mm thick, m»e preferably 
from about 1.8 nm> to 4 mm thicic), first dielectric anti-reflection layer 3. second dielectric 
haze-red»±.g layer 5, first lower contact layer 7 (which contacts layer 9). first conductive 
metallic infrared (IR) reflecting layer 9, first upper contact layer 11 (which contacts Uyer 
9). dmd dielectric layer 13 (which may be deposited m one or multiple steps in different 
embodiments of this invention), fourth dielectdc layer 15, second lower contact layer 17 
(which contacts layer 19), second conductive metaUic IR reflecting layer 19. second upper 
contact layer 21 (which contacts layer 19), fifth diel«:tric layer 23, and finally sixth 
^tective dielectric layer 25. The "contact- layers each contact at least one IR reflecting 
layer. Tie aforesaid Uyers 3-25 make up heat treatable low-E (i.e., low emissivity) 
coating 27 which is provided on glass or plastic substrate 1. 

In certain embodiments of tius invention, first dielectric layer 3 may be of or 
mdude titanium dioxide (TiO. where x is fiom 1.7 to 2.3, most preferably 2.0). silicon 
mtrid. (Si.N, where x/y may be about 0.75 (i.e., SiaNA or alternatively x/y may be fiom 
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about 0.76 to 1.5 in Si-rich embodiments), silicon dioxide (SiO, where x is from 1.7 to 2.3. 
most preferably about 2.0), niobium oxide (e.g., mOs), SiZrN. tin oxide, zinc oxide, 
silicon oxynitride, or any other suitable dielectric material. First dielectric layer 3 
functions as an antiieflection layer in certain embodiments of this invention. 

Second dielectric layer 5 may function to reduce haze in certain embodiments of 
this invention, and is preferably of or includes silicon nitride (e.g., Si3N4, or alternatively 
silicon-rich siUcon nitride Si.N, where x/y is fh.m 0.76 to 1.5, more preferably from 0.85 
to 1.2). When sputtering silicon nitride layer(s) herein, a Si target may be used, or 
alternative a target including Si admixed with up to 3-20% by weight aluminum and/or 
stainless steel (e.g. SS#3 16) may be used, with about this amount of aluminum and/or steel 
then appearing in the layer(s) so formed. Other materials may also be used for haze 
reducing layer 5, including but not limited to SiZrN. 

While Si3N4 may be used for layer 5 (and/or layer 15) in certain embodiments, it 
has been found that a silicon rich type of silicon nitride as layer 5 is better at reducing haze 
and/or improving mechanical durability in certain embodiments of this invention. Absent 
this layer 5 (and/or 15), haze tends to be at least 0.45; whereas witii this layer(s) it is 
reduced to no greater than 0.4 as discussed herein. In Si-rich siUcon nitride embodiments, 
layer 5 (and/or layer 15) is of or includes Si,N, where x/y is from 0.76 to 1.5, more 
preferablyfromabout0.85tol.2. Si3N4 has an index of refraction V of about 2.04, and 
an extinction coefficient "k" of about 0. However, Si-rich silicon nitride according to 
certain embodiments of this invention may have an index of refraction of at least about 
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2.05, more preferably of at least about 2.07, and may be 2.08 (at 632 mn) in exemplary 
embodiments. Also, Si-rich siUcon nitride according to certain embodiments of this 
invention may have an extinction coefficient "k" of at least about 0.001. and more 
preferably of at least about 0.003. In a first monoUthic example after HT of a Si-rich 
nitride layer 5 (and/or 15), "n" was 2.099 and "k" was 0.0034; while in a second 
monoUthic example after HT "a" was 2.168 and "k" was 0.014. Si-rich sihcon nitride, in 
addition to being better at reducing haze than SijN*. has also been found to adhere better to 
the titanium oxide of layer 3 in example embodiments. Surprisingly, it has also been 
found diat Si-rich siUcon nitride under the NiCrO, and Ag layers in Figs. 1, 5 and 6 
provides a lower sheet resistance (Rj)- 

Infrared (IR) reflecting layers 9 and 19 are preferably metallic and conductive, and 
may be made of or include sUver (Ag), gold, or any other suitable IR reflecting material. 
However, metallic Ag is the material of choice for the IR reflecting layers 9 and 19 in 
certain example embodiments of this invention. These IR reflecting layers help enable 
coating 27 to have low-E characteristics. 

Contact layers 7, 1 1, 17, and 21 are of or include nickel (Ni) oxide, or a nickel aUoy 
oxide such as nickel chrome oxide (NiCrO^J. in preferred embodiments of this invention. 
NiCrO, layers 7, 1 1, 17, and/or 21 may be fuUy oxidized in certain embodiments of this 
mvention (i.e., fully stochiometric), or may be at least about 75% oxidized in other 
embodiments of this invention. While NiCrO, is a preferred material for layers 7. 1 1, 17 
and/or 21, those skiUed in the art will recognized that other materials may instead be used 
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(e.g., oxides of Ni, oxides of Ni aUoys, oxides of Cr, oxides of Cr aUoys, NiCrO^Ny. or any 
other suitable material) for one or more of these layers. It is noted that contact layers 7, 
1 1. 17 and/or 21 may or may not be continuous in different embodiments of this invention. 

When layers 7, 11, 17 and/or 21 comprise NiCrOx in certain embodiments, the Ni 
and Cr may be provided in different amounts, such as in die form of nichrome by weight 
about 80-90% Ni and 10-20% Cr. An exemplary sputtering target for depositing these 
layers includes not only SS-316 which consists essentially of 10% Ni and 90% other 
mgredients. mainly Fe and Cr. but Haynes 214 aUoy as well, which by weight consists 
essentially of (as a nominal composition) the following materials which may also show up 
in these layers: 

Element Weight % 

Ni 75.45 

Fe 4.00 

Cr 16.00 

C .04 

Al 4.50 

Y .01 

One or more of contact layers 7, 1 1, 17, and/or 21 (e.g., of or including NiCrOx) 
is/are preferably oxidation graded in certain embodiments of this mvention so that die 
degree of oxidation in the layer(s) changes diroughout die diickness of the layer(s). For 
example, one or more of contact layers (7, 1 1, 17 and/or 21) may be graded so as to be less 
oxidized at the contact interface with the immediately adjacent IR reflecting layer (9 or 19) 
than at a portion of the contact layer(s) further or more/most distant from the immediately 
adjacent IR reflecting layer. It is beUeved that oxidation grading of one or more of contact 
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layer(s) 7, 1 1. 17 and/or 21 enables die low-E coating 27 to achieve the combination of 
heat treatability and high visible transmission (which was not previously achievable using 
NiCrO. contact layers in a dual sUver low-E coating system; e.g., see flie aforesaid '462 
patent). This will be explained in more detail below with reference to Figs. 3(a) and 3(b). 

Turning back to Figure 1, third dielectric layer 13 acts as a coupling layer between 
the two halves of the coating 27. and is of or includes tin oxide in certain embodiments of 
this invention. However, other dielectric materials-may instead be used for layer 13, • 
including but not limited to silicon nitride, titanium dioxide, niobium oxide, silicon 
oxynitride. zinc oxide, or the like. Fourth dielectiic layer 15 functions as a haze reducer in 
certain embodiments of this invention, and is preferably of or includes silicon nitride (e.g., 
Si3N4. or alternatively silicon-rich siUcon nitride discussed above). However, in 
alteriKitive embodiments of this invention, other materials (e.g., SiZrN) may instead be 
used for dielectric layer 15. 

Fifth dielectric layer 23 may be of or include tin oxide in certain embodiments of 
this mvention. However, other dielectric materials may instead be used for layer 23. 
including but not Umited to siUcon nitride, titanium dioxide, niobium oxide. siUcon 
oxynitride. zinc oxide, or die like. Protective overcoat dielectric layer 25 is provided at 
least for durabiUty purposes, and may be of or include siUcon nitride (e.g., SisN*) in certain 
embodiments of this invention. However, other dielectric materials may instead be used 
for layer 25. including but not Umited to titanium dioxide. siUcon oxynitiide. tin oxide, 
zinc oxide, niobium oxide. SiZrN. or die like. 
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Other layerCs) below or above the illustrated coating 27 may also be provided. Thus, 
while the layer system or coating 27 is "on" or "supported by" substrate 1 (directly or 
indirectly), other layer(s) may be provided therebetween. Thus, for example, coating 27 of 
Hg. 1 may be considered "on" and "supported by" the substrate 1 even if other layer(s) are 
provided between layer 3 and substrate 1. Moreover, certain layeK of coating 27 may be 
removed in certain embodhnents. while others may be added in other embodunents of this 
mvention without departing from the overall spirit of certain embodiments of this 
invention. 

Figure 2 illustrates a laminate (e.g., vehicle windshield) according to an 
embodiment of diis invention, including coating 27 of Fig. 1 . As shown in Fig. 2, the 
laminate (e.g., windshield) includes first glass substrate 1 on which coating 27 is provided, 
and second glass substrate 31. PVB layer 33 is provided between the substrates in a 
known mamier. so as to contact coating 27 on one side diereof. In the Fig- 2 embodiment, 
coating 27 is pmvided at/on the second (or #2) surface 37 of the laminate. The first surface 
35 is at the exterior of the laminate exposed to the outside of the vehicle, second surface 37 
is on the interior or inside of outer substrate 1. third surface 39 is on the inside of the 
interior substrate 31, and fourth surface 41 is at the mteiior of die vehicle. Coatings 27 
herein are preferably provided on either the second 37 or third 39 surface(s) of such 
laminates (the same is also true with regard to IG units). 

Turning back to Fig. 1, while various thicknesses may be used consistent with one 
or more of the objects discussed herein, exemplary preferred thicknesses and example 
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nxaterials for the respective layers on the glass substrate 1 in the Fig. 1 embodiment arc as 
follows: 

T.Kl. 1 (TTxample A/f a^.ri5.1>;micto— T ^ Fmbodiment) 



Layer 




MrtTP. Preferred (A) 


Example 


TiCb (layer 3) 


n Ann A 


50-250 A 


100 A 


SixNyGayerS) 


A_Ann A 


50-250 A 


170 A 


NiCrOx (layer 7) 




10-50 A 


18 A 


Ag (layer 9) 


^0-250 A 


80-120 A 


105 A 


NiCrOx (layer 11; 


s-100 A 


10-50 A 


16 A 


SnOa (layer 13} 


0-800 A 


500-850 A 


650 A 


SixNy (layer 15) 


0-800 A 


50-250 A 


170 A 


NiCrO, (layer 17) 


5-100 A 


10-50 A 


18A 


Ag (layer 19) 


50-250 A 


80-120 A 


105 A 


NiCrO,aayer21) 


5-100 A 


10-50 A 


16 A 


SnOz (layer 23) 


0-500 A 


100-300 A 


150 A 


SiaN* (layer 25) 


0-500 A 


100-300 A 


250 A 


Figure 6 illustrates a low-E heat treatable coating 27 according to another 



embodiment of this invention. THe Fig. 6 coating 27 is the same as the Fig. 1 coating 
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described above, except that either (i) dielectric layer 3 is removed, or (ii) layers 3 and 5 
are replaced with a single siUcon nitride layer 40. SiUcon nitride layer 40 may be of or 
include Si^a in certain embodiments of this invention. In other embodiments, siUcon 
nitride layer 40 may be of or include Si^Ny where x/y may be from about 0.65 to 0.80, or 
alternatively from about 0.76 to 1.5 in silicon rich embodiments. In another embodiment 
of the particular Fig. 6 embodiment, layer 40 may be of or include SiZrN. Nitride layer 40 
is advantageous because if functions to reduce haze, and is preferably from about 10 to 500 
A thick, more preferably from about 200-400 A thick. In this embodiment, upper IR 
reflecting layer 19 may also be thickened by about 0 to 10 A, and/or the top dielectric 25 
may be thickened by about 0-10%. In another aspect of the Fig. 6 embodiment, silicon 
nitride may be used for layer 40 but m a manner such that the lower portion of the layer is 
of or includes Si3N4, while the upper portion is of the silicon rich type siUcon nitride 
discussed above. As with all embodiments herein. Si-rich sUicon nitride has improved 
performance in reducing haze compared to Si3N4. The Fig. 6 embodiment tends to have 
reduced visible transmission (but still at least 70%) relative to die Fig. 1 embodiment, but 
may be more durable under certain circumstances, and R«,iar may be higher than hi the Fig. 
1 embodraient which is of course beneficial. 

In certain exemplary embodiments of tiiis invention, coating/layer systems 27 
according to aU embodiments above have the following low-E characteristics before/after 
heat treatment (HT) when in monoUtiiic form, as set forth in Table 2: 
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Table 2: Monolitfaic Before/After Heat Treatment (HT) 



Characteristic 


General 


More Preferred 


Most Preferred 


Rs (ohins/sq.)(before HT): 


<= 10.0 


<=8.0 


<=5.0 


Rs (ohms/sq.)(after HT): 


<=8.0 


<=6.0 


<=4.0 


E„ (before HT): 


<=0.08 


<= 0.06 


n/a 


E. (after HT): 


<=0.07 


<=0.05 


n/a 


Haze (after HT): 


<= 0.40 


<= 0.30 


<= 0.28 



Coatings 27 according to certain exemplary embodiments of this invention (e.g. 
Figs. 1-6) have the followiag color/transmission/reflection/haze characteristics (e.g., 
preferred greyish color can be seen below) when on a clear soda lime siUca glass substrate 
(e.g., 2.1 mm thick) in laminated form with another similar clear soda lime silica glass 
substrate (e.g., m the form of a vehicle windshield with PVB or mdex oil between the two 
substrates) as shown in Fig. 2 (i.e., on the #2 surface of the laminate), as set forth in Table 
3. In Table 3 below, RgY is visible reflection from the exterior of the vehicle as shown in 
Fig. 2, and RfY is visible reflection from die otiier side of the laminate such as from the 
vehicle interior in Fig. 2, and the a*. b* values under diese respective reflection parameters 
also correspond to glass (g) side (e.g., outside vehicle in Fig. 2) and fihn (f) side (e.g., 
vehicle interior in Fig. 2), respectively. 

Table 3; Color/Transmission After HT: Lamin ated Form 
Characteristic General More Preferred 

Tvu (m. A, 2 deg.): >= 70% >= 75% (Fig. 1 only) 
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on. C, 2 deg.): 


>= 70% 


>= 75% (Fig. 1 only) 


RgYOU.A, C;2deg.): 


<= 11% 


<= 9% 


a*g(m.A,C;2°): 


-2.0 to +2.0 


-1.0 to +1.0 


b*g(m.A,C;2°): 


-10.0 to +1.0 


-8.0 to -2.0 


RfY(m.A.C;2deg.): 


<= 11% 


<= 9% 


a*f(m. A,C; 2°): 


-3.0 to +1.0 


-2.0 to 0.0 


b*f(m.A,C;2*'): 


-5.0 to 0.0 


-4.0 to -1.0 


Rsolar* 


>= 26% 


>= 28% 


Haze: 


<=0.4 


<=0.3 


Tsolar* 


<=50% 


<=48% 



Surprisingly, it has been found tiiat layer stacks according to certain embodiments of this 
invention are characterized by rather low visible color shifts due to viewing angle 
(VA) change when viewed from the glass side of the article (e.g.. from die exterior of the 
vehicle m Bg. 2). For example. Table 4 below illustrates die low Zia*g values associated 
with laminated coated articles of certain embodiments of this invention when viewed from 
a normal viewing angle (i.e., straight on) vs. a 60 degree off axis viewing angle. In other 
words. Table 4 below illustrates that according to certain embodiments of this invention 
Aa*g can be kept radier low even given a viewing angle (V A) shift of 60 degrees 
so that coated articles do not appear to change color to the naked eye when viewed 
at different angles. It is noted diat Ab* values are not deemed as important as Aa* 
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values, because a* changes are typically more noticeable to the naked hmnan eye 
than are corresponding b* changes. In certain exemplary embodiments, a*, is within 
the range of -2.0 to + 2.0 botii before and after the 60 degree viewing angle (VA) shift, so 
&at a*, remains proximate the b* axis (i.e.. the b* axis is vertical blue(-)/yellow(+). wMle 
the a* axis is horizontal green(-)/red(+)) even through this radical change in viewing angle 
thereby minimizing the appearance of color change. 



General 


MfSre Preferred 


Best 


<= 11% 


<= 9% 


<=8% 


-2.0 to +2.0 


-1.0 to +1.0 


-1.0 to 0.0 


<= 18% 


<= 16% 


<= 15% 


-2.0 to +4.0 


0.0 to +4.0 


0.0 to 2.0 


<=3.0 


<=2.0 


n/a 



rharacteristic 
RgY (normal VA): 

a*g (normal VA): 

RgY (60° VA): 
a*g(60''VA): 

Aa* (60° VA change): <= 3.0 
It was mentioned above that the dual sUver low-E coating system of U. S. Patent 
No. 5.557.462 (i.e.. glass/Si3N4/NiCr/Ag/NiCr/Si3NVNiCr/Ag/NiCr/Si3N4) is not heat 
treatable at least because upon heat treatment Rs goes way up. e.g., from about 3-5 to weU 
over 10. and haze tends to set in. It is currendy beUeved that if one were to significantiy 
increase the dnckness of the NiCr layers of the '462 patent in an attempt to achieve heat 
treatability, this would unformnately result in visible transmittance going down well below 
70% which would of course render the coated articles non-useable in vehicle windshield 
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applications. 

However, it has surprisingly been found fliat by oxidation grading or mote of 
fte non-crystalline contact tayers 7, U, n, and/or 21, the resulting coated article can 
„Bi„,ain high visible transmission, low-E characteristics including low R.. «ad good 
durabiUty upon heat treatinent (e g., tempering, heat bending, etc.). Reference is made to 
Figs. 3(a) and 3(b) in this regard. 

As shovm in Fig. 3(a). both contact layers 7 and 1 1 (and/or 17 and 21) on either side 
of the appUcable IR reflecting layer 9 (and/or 19) are oxidation graded so that they are less 
oxidized (including not oxidized at all in some optional embodiments) at the IR reflecting 
layer (e.g., Ag) interface. In other words, die two contact layers on eidier side of the Ag 
layer 9 are progressively less oxidized through their respective thicknesses as they near Ag 
layer 9. Accordingly, in certain embodiments of fliis invention, the portions (e.g.. 5 A ^ 
thick portions) of layers 7 and 11 (or 17 and 21) closest to layer 9 (or 19) are from about 0 
to 40% oxidized, more preferably from about 0 to 20% oxidized, and most preferably from 
aboutO to 10% oxidized. Meanwhile, the portions (e.g.. 5 A thick portions) of layer 7 and 
1 1 (or 17 and 21) furthest from layer 9 (or 19) are at least about 50% oxidized, more 
preferably at least about 60% oxidized, even more preferably at least about 75% oxidized, 
and most preferably at least about 85% oxidized. 

Thus, the contact layers become progressively less oxidized through their respective 
thicknesses as they approach the IR reflecting layer 9, 19. In certain embodiments, tins 
causes the contact layers 7 and 11 (or 17 and 21) to be conductive or at least semi- 
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conductive at the interface with the JR reflecting layer 9 (or 19).,and substantially non- 
conductive at other parts of the layers 7 and 11 (or 17 and 21) such as in the 5 A thick 
portion furthest from layer 9 (or 19). Thus, when the contact layers are of or include 
graded NiCrO,, die x value progressively decreases tiirough the tiiickness of the layer 
toward die JR reflecting layer 9. 19. This value x may even approach or equal zero near 
the unmediately adjacent JR reflecting layer in certain instances. 

It is beUeved that the less oxidized portions of \hs contact layers 7 and 1 1 (and/or 17 
and 21) near die IR reflecting layer 9 (or 19) interface enable die coating 27 to withstand 
heat treatment (HT) and provide good adhesion to layer 9, 19. However, diese less (or no) 
oxidized portions of tiie contact layers are also less transparent to visible Ught dian are die 
more oxidized portions of die contact layers. Thus, when oxidation graded: (a) die highly 
oxidized portions of graded contact layers 7 and 1 1 (and/or 17 and 21) are more 
transparent to visible Ught and enable die coating 27 to mamtain its high visible 
transmission characteristics, while (b) die less oxidized portions of die graded contact 
layers better support die IR reflecting layer(s) 9. 19 during HT and provide good adhesion 
diereto, and enable die coating to widistand die same. 

The Figure 3(b) embodiment of diis invention is similar to die Fig. 3(a) 
embodiment, except diat only one of die contact layers contacting an IR reflecting layer is 
graded. In diis particular embodiment, die upper contact layer(s) 11. 21 is oxidation 
graded as discussed above, while die lower one is not and is substantiaUy oxidized, or at 
least about 50% oxidized. In certain embodiments of diis invention, all four non- 
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crystalline con.aot layers 7, 11, 17 and 21 may be oxidation graded in such a manner. 
„UleinotorenJxHiin»ntsonl,the«pperoontac.la,ersUand21maybegraded. In 

,an further embodiments of ansinveB.ion.ttoee of tbecontacttayersnuiytegrad^ 

3,^vely only o,» of tt^contaetUyers may be oxidation graded. WbileNiCrO^isa 

preferredma.erialforgradedoontac.layersl^i.winbeapprecia.edbytl>osesM^ 

in iear. that other materials mayinstead be ased(e.g.. including but not limited to 

NiCrO.N,. ni*el oxide, ehromium oxide, mckd-alloy oxide, etc.). and may be oxidadon 
gradedtoenableadualsUver coating system to maintainhightransmissiooandgoodlow- 

E characteristics even in view of HT. 

Rgure 4 muatrates how an oxidadon graded contact layer 7. 17 may be deposited 
onasubsLe as partofacoating according to an exemplary emb««mentof this invention. 

using an asymmetric introduction of oxygen gas a. a targe, area. Substrate 1 with par. of a 

U.yer system thereon proceeds in direction D trough die sputter coater. Sputtering 
eamode targets! wi.hinshield53 may comprise NiCr or any of the Niindudve targets 

,i3cuss«iabovewhen.he contact layer(e.g..Uyer 7) is to beof or includeNiCrO.. Other 
^UdUc or ceramic targets may be used when other materials are to be used as contact 
layer(s). When the substrate 1 is moving in direction D beneath target 51. gas is 
introduced around the target on two sides 57 and 59 thereof. On one side 57 of target 5 1. 
a.leastoxygen(e.g..OJgas(e.g.. oxygen flow of abou.3(W0mI7min.at4.1kW). and 

opdonanyamixtnreof oxygen andaninertgas such as argonCAr). is ted into the coating 
heneath and/or proximate the target. However, on the other side 59 of targe, 51. less 
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oxygen gas is used and moie of another gas such as Ar is introduced into the coating zone 
beneath and/or proximate the target For purposes of example, on side 57 of the target the 
gas flow may comprise any of (a) 100% oxygen, (b) a 70/30 mixture of oxygen/argon, (c) 
a 50/50 mixture of oxygen/argon, (d) a 30^0 mixture of oxygen/argon, or (e) a 50/25/25 
mixture of oxygen/argon/nitrogen; while on the other side 59 of the target the gas flow 
may comprise any of (a) 100% argon or some other inert gas, (b) a 50/50 mixmre of 
argon/nitrogen, or (c) a 90/10 mixture of argou/oxygen. Thus, there is more oxygen gas 
flow on side 57 of the target than on the other side 59. Thus, as the substrate 1 passes 
under the target 51, the fust portion of layer 7 to be deposited is highly oxidized because of 
the presence of the oxygen gas on side 57 of the target, but the latter portion of layer 7 to 
be deposited is much less oxidized because of the lack of oxygen gas at the exit side 59 of 
the target Hius. proximate target 51, the substrate first passes through an oxygen gas 
enriched sputter coating area and thereafter passes dirough an oxygen gas depleted sputter 
coating area having less oxygen gas. After layer 7 has been deposited in Fig. 4, the 
substrate moves on so that target 60 can be used to sputter coat layer 9 onto the substrate 
over the already deposited layers. 

The amounts of oxygen and/or other gas(es) can of course be adjusted to oxidation 
grade contact layers in any desired manner. When it is desired to grade the contact 
layer(s) 1 1, 21 on the upper side of the IR reflecting layer 9, 19. the gas flow shown m Fig. 
4 and described above is inverted so that die higher oxygen inclusive flow is at the exit 
• side 59 of the target and die lower/no oxygen gas flow is at the entry side 57 of the target 
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EXAMPLES 1-3 

The foUowing three Example coated articles were made m accordance with certain 
embodiments of this invention. For each of the three Examples, the coatingAayer system 
27 shown in Hg. 5 was sputtered onto a clear 2.1 mm thick large soda lime siUca float 
glass substrate 1, and then cut into at least a 3" x 3" sample. A Leybold Terra-G six- 
chamber sputter coating apparatus was used to sputter the coatings 27 onto the substrates 
1. Five cathodes were in each chamber, so there were a total of 30 cathode targets in the 
sputter coater. Cathode numbering utilizes the first digit to refer to the coater chamber, 
and the second digit to refer to the cathode position m that chamber. For example, cathode 
# 32 was the second cathode (second digit) in the third (first digit) sputter chamber. 
Cathode #s C13, C14, C23. C62, C31, C32, C62. C64 and C65 were Twin Mag H type 
cathodes; cathode # C42 was a dual C-Mag type cafliode; and cadiode #s C44, C51. and 
C53 were planar cathodes. As wiU be appreciated by those skilled in the art. the first half 
of a coating 27 may be deposited in a sputter coater. and then the article may be again run 
through the coater to sputter the second half of the coating onto die substrate. In the 
sputter coater. layers 7-1 1 and 17-21 were sputtered onto the substrate using DC power 
sputtering, while the other layers were sputtered onto the substrate using a mid-firequency 
AC type system Below. "*" means Al content of approxunately 10%. The line speed for 
each Example was 2.6 meters per minute (m/min.). The coater/process setups for the tiiree 
Examples are in Table 5. All gas flows (e.g., oxygen, argon, nitrogen) are presented in 
units of mL/minute. In the below examples, though not shown in the charts, die oxygen 
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flow w^is turned off at the sides of the NiCr targets discussed above in order to oxidation 
grade the contact layers 11 and 21 as shown in Fig. 3(b) (i.e., only the two contact layers 
11 and21 above the respective sUver layers were oxidation graded in these Examples), 
Volts refers to cathode volts, and amps (A) refers to cathode amps. Tr" stands for trim; 
and trim (Tr) console, trim (Tr) Mid. and trim (Tr) pump are all measured in mL/minute. 
Pressure is measured in mbar x lO'^ Trim gas refers to individually adjusted gas flows 
along the cathode lengdi to make corrections regarding layer thickness uniformity. The 
NiCr targets were approximately 80/20 NiCr. The process for each Example is broken into 
three separate charts (i.e.. Part #s 1-3) because so much information is presented; only the 
cathode and target data is provided for all three charts in each example for ease of 
reference. Both siUcon nitride layers 5 and 15 were Si-rich through their entire 
thickness(es); as can be seen by the fact that much more inert argon (Ar) gas than nitrogen 
gas was used in sputtering these siUcon nitride layers. 

Tahl«> Coater S«^tiin/Processey f»r Examples 1-3 



KX AMPLE 1 



TrYAMPT.E#lfPart#l) 

Cathode largetyoMm Power (kW) Ar Flow (mlVmin) OoHow(mUmin } 



#13 


Ti 


743 


73 


200 


#14 


Ti 


703 


64 


200 


#23 


Ti 


738 


63.5 


200 


#42 - 


Si* 


456 


29.7 


225 



25 80 

35 50 

35 50 

0 165 
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#44 


NiCr 


370 


4.3 


#51 


Ag 


432 


3.2 


#53 


NiCr 


386 


4.1 


#62 


Sn 


431 


18.3 


#31 


Sn 


477 


24.2 


#32 


Sn 


428 


24.5 


#42 


Si* 


453 


30.2 


#44 


NiCr 


360 


4.2 


#51 


Ag 


430 


3.2 


#53 


NiCr 


380 


4.1 


#62 


Sn 


442 


18.4 


#64 


Si* 


554 


40.6 


#65 


Si* 


545 


40.3 



28 



1 <A 




0 


1 fin 


0 


0 


1 <A 

IjO 


HO 


0 


200 






200 




100 


200 




100 


225 


0 


165 


150 


38 


0 


100 


0 


0 


150 


48 


0 


200 


240 


100 


200 


0 


200 


250 


0 


200 



EXAMPLE #1 flPart #2 continued from Part #1 abovercathod e/tareet in commonD 

Cathode Target Amps (A) Tank Voltage (V) Frea. (kHz) TrinaGas 



#13 


Ti 


128 


364 


26.7 


O2 


#14 


Ti 


125 


346 


26.7 


O2 


#23 


Ti 


110 


344 


26.5 


O2 


#42 


Si* 


n/a 


230 


26.18 


N2 


#44 

il l I 


NiCr 


11.4 


0 


0 


. Ar 


#51 


Ag 


7.4 


0 


0 


Ar 


#53 


NiCr 


10.7 


0 


0 


Ar 


#62 


Sn 


45 


203 


25.03 


O2 


#31 


Sn 


61 


224 


25.6 


O2 


#32 


Sn 


60 


225 


25.64 


O2 


#42 


Si* 


n/a 


230 


26.18 


N2 


#44 


NiCr 


11.6 


0 


0 


Ar 
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#51 


Ag 


7.4 


0 


0 


At 


#53 


NiCr 


10.5 


0 


0 


Ar 


#62 


Sn 


42 


208 


25.1 


O2 


#64 


Si* 


93.5 


264 


26.4 


N2 


#65 


Si* 


93.5 


273 


26.2 


N2 



EXAMPLE #1 (Part #3 continued from Parts #1-2 ab overcathode/target in common]} 



Cathode Target Tr Console TrMid TrPump Pressure Lambda Lambda active 



#13 


Ti 


7.5 


15 


7.5 


2.79E°^ 


252 


True 


#14 


Ti 


12.5 


25 


12.5 


3.03E-°^ 


252 


True 


#23 


Ti 


7.5 


35 


7.5 


4.83E-°^ 


252 


True 


#42 


Si* 


50 


5 


45 


2.18E^ 


0 


False 


#44 


NiCr 


15 


70 


15 


2.26E-°^ 


0 


False 


#51 


Ag 


15 


70 


15 


1.37E-°^ 


0 


False 


#53 


NiCr 


15 


70 


15 


2.16E-*" 


0 


False 


#62 


Sn 


15 


70 


15 


2.12E-°^ 


220 


True 


#31 


Sn 


15 


70 


15 


2.97E-°^ 


220 


True 


#32 


Sn 


15 


70 


15 




220 


True 


#42 


Si* 


50 


5 


45 




0 


False 


#44 


NiCr 


15 


70 


15 


2.30E"°^ 


0 


False 


#51 


Ag 


15 


70 


15 


1.44E-°' 


0 


False 


#53 


NiCr 


15 


70 


15' 


2.38E'°^ 


0 


False 


#62 


Sn 


. 15 


70 


15 


2.24E"°^ 


220 


True 


#64 


Si* 


20 


60 


20 


2.88E-°^ 


0 


False 


#65 


Si* 


20 


60 


20 


3.61E-^ 


0 


False 



EXAMPLE 2 
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Cathode Target Volts (V) Power fkW) Ar Finw (mT ymin'> (>, Flow (mUmin) NgFlow 



#13 


Ti 


729 


74.6 


200 


25 


80 


#14 


Ti 


703 


66 


200 


35 


50 


#23 


Ti 


738 


63.5 


200 


35 


50 


#42 


Si* 


451 


29.7 


225 


0 


165 


#44 


NiCr 


371.5 


4.3 


150 


38 


0 


#51 


Ag 


434 


3.2 


100 


0 


0 


#53 


NiCr 


390 


4.1 


150 


48 


0 


#62 


Sn 


427 


18.4 


200 


240 


100 


#31 


Sn 


476 


24.6 


200 


290 


100 


#32 


Sn 


427 


25.3 


200 


300 


100 


#42 


Si* 


458 


29.3 


225 


0 


165 


#44 


NiCr 


368 


4.3 


150 


38 


0 


#51 


Ag 


431 


3.2 


100 


0 


0 


#53 


NiCr 


386 


4.1 


150 


48 


0 


#62 


Sn 


436 


18.4 


200 


240 


100 


#64 


Si* 


552 


40.6 


200 


0 


200 


#65 


Si* 


548 


40.6 


250 


0 


200 



EXAMPLE #2 fPart #2 continued from Part #1 abovercath ode/target in common]) 
Cathode Target Amps (A) Tank Voltage (V) Freq.QcHz) Trim Gas 



#13 


Ti 


146 


364 


26.7 


O2 


#14 


Ti 


125 


346 


26.7 


O2 


#23 


Ti 


110 


344 


26.5 


O2 


#42 


Si* 


o/a 


230 


26.18 


N2 
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#44 


NiCr 


11.4 


0 




0 


At 




#51 


Ag 


7.3 


0 




0 


Ar 




#53 


NiCr 


10.3 


0 




0 


Ar 




#62 


Sn 


45.5 


203 




25.03 


O2 




#31 


Sn 


62 


225 




25.6 


O2 




#32 


Sn 


61 


226 




25.64 


O2 




#42 


Si* 


n/a 


230 




26.18 


N2 




#44 


NiCr 


11.6 


0 




0 


At 




#51 


Ag 


7.4 


0 




0 


At 




#53 


NiCr 


10.5 


0 




0 


Ar 




#62 


Sn 


44 


206 




25.1 


O2 




#64 


Si* 


93.5 


264 




26.4 


N2 




#65 


Si* 


93.5 


273 




26.2 


Na 




TCYAMPT.E #2 rPart #3 


rftfiHniied from Parts #1-2 abovercathode/tareet in common]) 


Cathode 


Target 


Tr Console TrMid TrPump 


Pressure 


Lambda Lambda active 


#13- 


Ti 


7.5 


15 


7.5 


2.79E"^^ 


252 


True 


#14 


Ti 


12.5 


25 


12.5 


3.03E-"^ 


252 


True 


#23 


Ti 


7.5 


35 


7.5 


4.83E-°^ 


252 


True 


#42 


Si* 


50 


5 


45 


2.13E'^' 


0 


False 


11 T 1 


NiCr 


15 


70 


15 


2.26E-® 


0 


False 


#51 


Ag 


15 


70 


15 


1.35E^ 


0 


False 


#53 


NiCr 


15 


70 


15 


2.14E^ 


0 


False 


#62 


Sn 


15 


70 


15 


2.13E^' 


220 


Trae 


#31 


Sn 


15 


70 


15 


3.22E''" 


220 


Trae 


#32 


Sn 


15 


70 


15 


3.25E-®' 


220 


Trae 


#42 


Si* 


50 


5 


45 




0 


False 


m 


NiCr 


15 


70 


15 




0 


False 
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#51 


Ag 


15 


70 


15 


1.39F°^ 


0 


False 


#53 


NiCr 


15 


70 


15 


2.18E-^^ 


0 


False 


#62 


Sn 


15 


70 


15 




220 


True 


#64 


Si* 


20 


60 


20 


2.75E^ 


0 


False 


#65 


Si* 


20 


60 


20 


3.35E"°^ 


0 


False 



EXAMPLES 

EXAMPLE #3 (Part #1) 



Cathode Target Volts m Power (kW) Ar Flow fmL/min') Qg Flow (mL/min) N7H0W 



#13 ■ 


Ti 


743 


73 


200 


25 


80 


#14 


Ti 


703 


64 


200 


35 


50 


#23 


Ti 


738 


63.5 


200 


35 


50 


#42 


Si* 


456 


29.7 


225 


0 


165 


#44 


NiCr 


370 


4.3 


150 


38 


0 


#51 


Ag 


432 


3.2 


100 


0 


0 


#53 


NiCr 


386 


4.1 


150 


48 


0 


#62 


Sn 


431 


18.3 


200 


240 


100 


#31 


Sn 


481 


25.2 


200 


290 


100 


#32 


Sn 


439 


25.9 


200 


300 


100 


#42 


Si* 


449 


30.4 


225 


0 


165 


IT 1 r 


NiCr 


364 


4.2 


150 


38 


0 


#51 


Ag 


427 


3.2 


100 


0 


0 


#53 


NiCr 


383 


4.0 


150 


48 


0 


#62 


Sn 


452 


19.5 


200 


240 


100 


#64 


Si* 


553 


40.6 


200 


0 


200 


#65 


Si* 


545 


40.3 


250 


0 


200 
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EXAMPLE #3 (Part #2 continued from Part #1 abo vercathode/taryet in commonl) 
Cathode Target Amps (A) Tank Voltage (Y) Freq. (kHz) Trim Gas 



#13 


Ti 


128 




267 




#14 


Ti 


125 




26 7 


O9 


#23 


Ti 


110 


'2 A A 




V./2 


#42 


Si* 


n/a 




26 18 


N2 


#44 


NiCr 


1 1 >4 

11.4 


n 
u 


n 


Ar 


#51 


Ao' 


lA 


u 


0 


At 


#53 


NiCr 


10.7 


U 




V Ar 


#62 


Sn 


45 


20j 




^2 


#31 


Sn 


62 


226 


25.6 


02 


#32 


. Sn 


62 


229 


25.64 


02 


#42 


Si* 


n/a 


230 


26.18 


N2 


#44 


NiCr 


11.4 


0 


0 


Ar 


#51 


Ag 


7.5 


0 


0 


Ar 


#53 


NiCr 


10.5 


0 


0 


Ar 


#62 


Sn 


45,4 


212 


25.1 


O2 


#64 


Si* 


94 


264 


26.4 


N2 


#65 


Si* 


93.5 


273 


26.2 


N2 



EXAMPLE #3 (Part #3 continued from Parts #1-2 a hovercathode/targct in commonl) 



Cathode Target Tr Console TrMid TrPump Pressure Lambda Lambda active 



#13 


Ti 


7.5 


15 


7.5 


2.79E-°^ 


252 


True 


#14 


Ti 


12.5 


25 


12.5 


3.03E-*'^ 


252 


True 


#23 


Ti 


7.5 


35 


7.5 


4.83E"°' 


252 


True 


#42 


Si* 


50 


5 


45 


2.18E-*" 


0 


False 
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UAA 
If 1 1 


NiCr 


15 


70 


15 


2.26E-°^ 


0 


False 


WDl 




15 


70 


15 


1.37E°^ 


0 


False 




NiCr 

x^x\^x 


15 


70 


15 


2.16E^ 


0 


False 




Sn 

Oil 


15 


70 


15 


2.12E-^^ 


220 


True 




Oil 


15 


70 


15 


3.01E^ 


220 


True 




Oil 


15 


70 


15 


3.24E-^ 


220 


True 




Si* 

Oi 


50 


5 


45 


2.58E:°^ 


0 


False 




NiCr 


15 


70 


15 


• 2.27E^ 


0 


False 


#51 


Ag 


15 


70 


15 


I^IE-**^ 


0 


False 


#53 


NiCr 


15 


70 


15 


2.37E^' 


0 


False 


#62 


Sn 


15 


70 


15 


2.26E-°^ 


220 


True 


#64 


Si* 


20 


60 


20 


2.90E"°^ 


0 


False 


#65 


Si* 


20 


60 


20 


3.69E*^^ 


0 


False 



After coatings 27 of Examples 1-3 were sputtered onto respective substrates 1 i 
accordance with the above, they were tested/measured as foUows in Table 6 (i.e., in a 
monoUthic state). Heat treatment was performed by placing the coated articles into a 
furnace heated to about 625 degrees C for about five (5) minutes. 



Table 6; Exs. 1-3. MonoUthic Before/After Heat Treatment OTD 



Characteristic 


Example 1 


Example 2 


Example 3 


Tvu,m.A,2°(bef6reHD: 


>=70% 


>=70% 


>=70% 


Tvis.m.A,2°(afterHD: 


>=78% 


>=78% 


>=78% 


Rs (ohms/sq.)(before HT): 


4.43 


4.37 


4.27 


Rs(ohms/sq.)(afterHT): 


3.46 


3.33 


3.44 


Ea (before HT): 


<=0.06 


<=0.06 


<=0.06 


E„ (after HT); 


<=0.05 


<=0.05 


<=0.05 
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Haze (after HT): 0.15 0.28 0.22 

Thereafter, the monolithic heat treated coated articles of Examples 1-3 were each 
laminated to another corresponding clear 2.1 mm thick 3 inch by 3 inch soda lime siKca 
float glass substrate 1, with a layer of PVB (about 0.8 mm thick) being located between the 
substrates in a known manner, and coating 27 provided on the #2 surface as shown in Fig. 
2. The resulting laminated coated articles (see Fig. 2) were then tested/measured and were 
found to exhibit the following characteristics set forfli in Table 7. In Table 7, the glass (G) 
side is the same as outside die vehicle in Fig. 2, while die film (F) side is the same as die 
vehicle interior in Fig. 2. 

Table 7: Color of Exs. 1-3 in J aminated F orm Post-HT fi.e.. as in Fig. 2) 
ValueMeasurement Example 1 Example 2 Example 3 

m. C 2° 

Transmission (TY or Tvis)%: 75.37 75.32 74.68 

a*T: -2.92. -3.17 -2.25 

b*T: 3.87 4.39 4.07 

Reflectance as viewed from 

glass (G) side: RgY(%): 7.93 8.02 8.22 

a*G: . 0.53 0.93 0.29 

b*G: -5.23 -7.10 -5.64 

Reflectance as viewed from 

fihn/coating (F) side: RfY(%): 7.83 7.85 8.11 

a*p: -1.59 -1.23 -1.68 

b*F: -2.75 -3.74 -2.73 

m. D65. 2° 
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Transmission (TY or Tvis) 
a*T: 
b*T: 

Reflectance as viewed from 
glass (G) side: RgY (%): 

a G* 

b*G: 

Reflectance as viewed from 
film/coating (F) side: RfY(%): 

a*F: 

b*F: 

m. A, 2° 

Transmission (TY or Tvis) 
a*T: 
b*T: 

m. c. 10° 

Transmission (TY or Tvis) 
a*T: 
b*T: 

Reflectance as viewed from 
glass (G) side: RgY(%): 

a*G: 

b*G: 

Reflectance as viewed from 
film/coating (F) side: RfY(%): 

a*F: 

b*F: 

111. D65. 10° 

Transmission (TY or Tyis) %: 
a*T: 
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75.69 


75.34 


74.71 


-2.81 


-3.05 


-2.16 


3.85 


4.35 


4.07 


7.93 


8.03 


8.22 


0.26 


0.57 


-0.01 


-5.17 


-7.03 


-5.58 


7.84 


7.85 


8.12 


-1.79 


-1.48 


-1.88 


-2.71 


-3.69 


-2.69 


75.27 


75.23 


74.78 


-1.95 


-2.05 


-1.37 


3.28 


. 3.74 


3.68 


75.16 


75.08 


74.91 


-2.39 


-2.59 


-2.78 


3.93 


4.45 


4.02 


8.01 


8.14 


8.31 


0.11 


0.28 


-0.15 


-5.21 


-7.03 


-5.60 


7.87 


7.90 


8.16 


-1.54 


-1.30 


-1.62 


-2.79 


-3.78 


-2.77 


75.19 


75.12 


74.92 


-2.29 


-2.49 


-2.66 
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h*Y- 3.92 4.45 3.99 
Reflectance as viewed from 

glass (G) side: RgY(%): 8.01 8.14 8.31 



a*©: 



-0.09 0.01 -0.37 

b*G: -5.20 -7.02 -5.58 
Reflectance as viewed from 

film/coating (F) side: RfY(%): 7.88 7.91 8.16 

a*p: -1.69 -1.49 -1-78 

b*p: -2.77 -3.76 -2.75 

m. A. 10° 

Transmission (TY or Tvis)%: 75.20 75.15 74.85 

a*T: -1.41 -1.63 -1.75 

b*T: 3.34 3.98 4.02 



Moreover, each of Examples 1-3 was found to be chemically and mechanically durable as 
these terms are defined below, both before and after HT. 

As can be seen above, in depositing each of the silicon nitride layers, more Ar gas 
than N gas was used in the sputtering process. In the Examples die ratio Ar/N as about 
225/165 (or 1.36) as can be seen above. In prefened embodiments of this invention die 
ratio Ar/N is from about 1.15 to 3.0, more preferably from about 1.20 to 2.0, and most 
preferably from about 1.2 to 1.5. This rado which uses more of an inert gas (e.g., Ar) than 
nitrogen in sputtering die siUcon nitride layers enables the resulting silicon nitride layers to 
be Si-rich as discussed above. 

Table 8 below compares, for die HT laminate of Example 1, viewing characteristics 
at a normal viewing angle (VA) versus at a 60* off axis VA (i.e., die 60° VA is 60 degrees 
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from the nonnal VA). As can be seen, Example 1 is characterized by substantial color 
stabiHty over this wide range of viewing angles, so that a viewer looking at the laminate of 
Example 1 at both a nonnal VA (i.e.. straight on so that the Une or site is perpendicular to 
the plane of the article) and a 60° VA would not notice much if any color change. This is 
due to the low reflective Aa* value from the glass (G) side (i.e., Aa* means the difference 
between a* at the normal VA and the 60" off-axis VA). Note: the sixty degree color is lU. 
D65, 10 degree standard observer. 

Table 8: Color Change with 60° Viewi ng Angle CVA) Change (Ex. 1) 

Characteristic Ex. 1 (Normal VA) Ex. 1 (60° off-axis VA) 

T . • 75.27% n/a 

A VIS- 



2.2 n/a 



T . * 46.75% 

I solar* 
Rsolar- 



RgY: 



30.15 36.11 
7.8% 14.56% 



-0.23 1.6 

h\: -5.59 -1.33 

Aa*g (60° VA change): 1.83 same 

AL*g (60° VA change): 1 1 -4 same 

As can be seen above in Table 8, Aa*g (60° VA change) reflective in accordance 
with certam embodiments of diis invention is preferably no greater than 3.0, and more 
preferably no greater than 2.0. In Table 8, it was 1.83. Moreover, Tjoiar is preferably no 
greater than 50% in certain embodiments of this mvention, even more preferably no 
greatCT than 48%, and most preferably no greater than about 47%. 
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Certain embodiments of this invention after heat treatment and lamination are 
characterized as follows regarding glass (G) side reflective color: 



Table 9 

Parameter Normal VA 60" off-axis VA 

a* -2.0 to +2.0 -2.0 to + 3.0 

b* -1.0 to -12.0 0 to -9.0 



Certain terms are prevalendy used in the glass coating art, particularly when 
defining the properties and solar management characteristics of coated glass. Such terms 
are used herein in accordance witii their well known meaning. For example, as used 
herein: 

Intensity of reflected visible wavelength light, i.e. "reflectance" is defined by its 
percentage and is reported as R,Y or (i.e. the Y value cited below in ASTM E-308-85), 
wherein "X" is either "G" for glass side or "P for fihn side. "Glass side" (e.g. "G") means, 
as viewed from the side of the glass substrate opposite that on which die coating resides, 
while "film side" (i.e. "F") means, as viewed from the side of the glass substrate on which 
the coating resides. 

Color characteristics are measined and reported herein using the CIE LAB 1976 a*, 
b* coordinates and scale (i.e. the CIE 1976 a*b* diagram. 111. CIE-C 2 degree observer), 
wherein: 

L* is (CIE 1976) lighmess units 
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a* is (CIE 1976) red-green units 

b* is (CBE 1976) yellow-blue units 
Other similar coordinates may be equivalendy used such as by the subscript "h" to 
signify the conventional use of die Hunter mediod (or units) 111. C, 10*^ observer, or die CIE 
LUV u*v* coordinates. These scales are defined herein according to ASTM D-2244-93 
"Standard Test Mediod for Calculation of Color Differences From Instrumentally 
Measured Color Coordinates" 9/15/93 as augmented by ASTM E-308-95, Annual Book of 
ASTM Standards, Vol. 06.01 "Standard Metfiod for Computing die Colors of Objects by 
10 Using die CIE System" and/or as reported in EES LIGHTING HANDBOOK 1981 
Reference Volume. 

The terms "emissivity" (or emittance) and "transmittance" are well understood in 
the art and are used herein according to their well known meaning. Thus, for example, die 
temi "transmittance" herein means solar transmittance, which is made up of visible light 
transmittance (TY of Tvis), infrared energy transmittance (TnO, and ultraviolet Ught 
transmittance (Tuv). Total solar energy transmittance (TS or Tsoiar) can be characterized as 
a weighted average of these other values. Widi respect to diese transmittances, visible 
transmittance may be characterized for architectural purposes by the standard Illuminant C, 
2 degree technique; while visible transmittance may be characterized for automotive 
purposes by die standard 111. A 2 degree technique (for diese techniques, see for example 
ASTM E-308-95, incorporated herein by reference). For purposes of emissivity a 
particular infrared range (i.e. 2,500 - 40,000 nm) is employed. Various standards for 
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calculating/measuring any and/or all of the above parameters may be found in the 
aforesaid provisional application upon which priority is claimed herein. 

The term Rsoiar refers to total solar energy reflectance (glass side herein), and is a 
weighted average of IR reflectance, visible reflectance, and UV reflectance. This term 
may be calculated in accordance with the known DIN 410 and ISO 13837 (12/98) Table 1. 
p. 22 for automotive appUcations, and the known ASHRAE 142 standard for architectural 
applications, both of which are incorporated herein by reference. 

"Haze" is defined as follows. Light diffused in many directions causes a loss in 
contrast. The term "haze" is defined herein in accordance with ASTM D 1003 which 
defines haze as that percentage of Ught which in passing through deviates from the incident 
beam greater than 2.5 degrees on the average. "Haze" may be measured herein by a Byk 
Gardner haze meter (all haze values herein are measured by such a haze meter and are 
unidess). 

"Emissivity" (or emittance) (E) is a measure, or characteristic of both absorption 
and reflectance of Ught at given wavelengths. It is usually represented by the formula: 

E = 1 - Reflectanceaim 
For architectural purposes, emissivity values become quite important in the so- 
called "mid-range", sometimes also called the "far range" of the infrared spectrum, i.e. 
about 2,500 - 40,000 nm., for example, as specified by the WINDOW 4.1 program, LBL- 
35298 (1994) by Lawrence Berkeley Laboratories, as referenced below. The term 



wo 02/04375 



PCT/USOl/21088 



42 

"emissivity" as used herein, is thus used to refer to emissivity values measured in this 
infrared range as specified by ASTM Standard E 1585-93 entided "Standard Test Mediod 
for Measuring and Calculating Emittance of Architectural Hat Glass Products Using 
Radiometric Measurements". This Standard, and its provisions, are incorporated herein by 
reference. In this Standard, emissivity is reported as hemispherical emissivity (Eh) and 
normal emissivity (En). 

The actual accumulation of data for measurement of such emissivity values is 
conventional and may be done by using, for example, a Beckman Model 4260 
spectrophotometer widi "VW" attachment (Beckman Scientific InsL Corp.). This 
spectrophotometer measures reflectance versus wavelengtii, and from this, emissivity is 
calculated using the aforesaid ASTM Standard 1585-93. 

Another term employed herein is "sheet resistance". Sheet resistance (R^) is a well 
known term in the art and is used herein m accordance witii its well known meaning. It is 
here reported in ohms per square units. Generally speaking, this term refers to the 
resistance in ohms for any square of a layer system on a glass substrate to an electric 
current passed through the layer system. Sheet resistance is an indication of how weU the 
layer or layer system is reflecting infrared energy, and is thus often used along widi 
emissivity as a measure of this characteristic. "Sheet resistance" may for example be 
convenientiy measured by using a 4-point probe ohmmeter, such as a dispensable 4-pomt 
resistivity probe with a Magnetron Instilments Corp. head. Model M-800 produced by 
Signatone Corp. of Santa Clara, California. 
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"Chemical durability" or "chemically durable" is used herein synonymously with 
the term of art "chemically resistant" or "chemical stability". Chemical durability is 
determined by boiling a 2"x 5" sample of a coated glass substrate in about 500 cc of 5% 
HQ for 5 minutes (i.e. at about 220°F). The sample is deemed to pass this test (and thus 
the layer system is "chemically resistant" or is deemed to be "chemically durable" or to 
have "chemical durability") herein if at least half of the sample's layer system remains after 
the 5 minutes. 

"Mechanical durabiliiity" as used herein is defined by the following tests. The test 
uses a Pacific Scientific Abrasion Tester (or equivalent) wherein a 2" x 4" x 1" nylon brush 
(e.g., as made by Wright Bemet of Franklin Park, Illinois, Model 1280 Hand & Nail 
Brush) is cyclically passed over the layer system in 500 cycles employing 150 gm of 
weight, q)plied to a 6" x 17" sample. In this test, if no substantial, noticeable scratches 
appear when viewed with the naked eye under visible light, the test is deemed passed, and 
the article is said to be "mechanically durable" or to have "mechanical durability". 

The terms "heat treatment" and "heat treatuig" as used herein mean heating the 
article to a temperature sufficient to enabUng thermal tenqwring, bending, or heat 
strengfliening of the glass inclusive article. This definition includes, for example, heating a 
coated article to a temperature of at least about 1 100 degrees F (e.g., to a temperature of 
bom about 550 degrees C to 900 degrees C) for a sufficient period to enable tempering. 

Once given the above disclosure many otiier features, modifications and 
improvements will become apparent to the skilled artisan. For example, and without 
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limitation, the aforesaid oxidation graded contact layer(s) and Si-rich silicon nitride 
layer(s) can be used with single sUver layer stacks, as well as the illustrated dual silver 
layer stacks. Such oflier features, modifications and improvements are therefore 
considered to be a part of this invention, the scope of which is to be determined by die 
following claims: 
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WHAT IS CLAIMED IS: 

1. A coated article including a coating supported by a glass substrate, the coating 
comprising: 

an infrared (IR) reflecting layer contacting and sandwiched between first and 
second layers, said second layer comprising NiCrO^; and 

wherein at least said second layer comprising NiCrOx is oxidation graded so that a 
first portion of said second layer close to said infrared (IR) reflecting layer is less oxidized 
than a second portion of said second layer that is further from said infrared (IR) reflecting 
layer. 

2. The coated article of claim 1, wherein said infrared (IR) reflecting layer 
comprises metallic silver (Ag). 

3. The coated article of claim 1, wherein said first portion of said second layer 
comprising NiCrOx is from 0 to 40% oxidized, and said second portion of said second 
layer comprisiag NiCrO^ is at least about 50% oxidized. 

4. The coated article of claim 3, wherein said first portion of said second layer 
comprising NiCrOx is from 0 to 20% oxidized. 

5. The coated article of claim 3, wherein said first portion of said second layer 
comprising NiCrOx is from 0 to 20% oxidized, and said second portion of said second 
layer comprismg NiCrOx is at least about 60% oxidized. 
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6. The coated article of claim 1, wherein said second layer comprising NiCrO, 
becomes progressively less oxidized through its thickness as it neais said JR reflecting 
layer. 

7. The coated article of claim 1, wherein said first portion of said second layer 
comprising NiCrOx is conductive or semi-conductive, and said second portion of said 
second layer comprising NiCrOx is dielectiic or non-conductive. 

8. The coated article of claim 1 , wherem said first portion of said second layer 
comprising NiCrOx is less transmissive to visible light than is said second portion of said 
second layer conq)rising NiCrO,. 

9. The coated article of claim 1, wherein botii of said first and second layers 
comprise NiCrOx and are oxidation graded so tiiat each of said first and second layers 
comprises a first portion close to said infrared (IR) reflecting layer being less oxidized than 
a second portion further firom said infirared (IR) reflecting layer tiian said first portion. 

10. The coated article of claim 1, wherein said coating comprises, from tiie glass 
substrate outwardly, die following layers: 

at least one dielectric layer, 

said first layer comprising NiCrOx; 

said IR reflecting layer; 

said second layer comprising NiCrOx; 

at least one additional dielectric layer; 
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a third layer comprising NiCrOx; 
a second IR reflecting layer; 
a fourth layer comprising NiCrO^; and 
at least one additional dielectric layer. 

11. The coated article of claim 10, wherein said IR reflecting layers comprise 
silver, and wherein said at least one dielectric layer between said substrate and said first 
layer comprising NiCrOx comprises silicon nitride. 

12. The coated article of claim 10, wherein said coated article has a visible 
transmittance of at least about 70%, an Rsoiar of at least 26%, and a sheet resistance (R^) 
after heat treatment of no greater than 8.0 ohms/sq. 

13. The coated article of claim 12, wherein said coated article has a visible 
transmittance of at least about 75%, an Rsoiar of at least 28%, and a sheet resistance (Rs) 
after heat treatment of no greater than 6.0 ohms/sq. 

14. The coated article of claim 1, wherein said second layer is provided between 
said IR reflecting layer and said substrate. 

15. The coated article of claim 1, wherein said IR reflecting layer is provided 
between said second layer and said substrate. 

16. A coated article including a coating supported by a substrate, the coating 
comprising: 
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an inftared (JR.) reflecting layer sandwiched between first and second layers, said 
second layer comprising an oxide of Ni; and 

wherein at least said second layer comprising an oxide of Ni is oxidation graded and 
becomes progressively more oxidized through its thickness proceeding further ftom said 
infirared (IR) reflecting layer. 

17. The coated article of claim 16. wherein said second layer comprises NiCrO^. 

18. The coated article of claim 16, wherein said infrared (IR) reflecting layer 
comprises metallic silver (Ag). 

19. The coated article of claim 16, wherein a first portion of said second layer 
closer to said IR reflecting layer is from 0 to 40% oxidized, and a second portion of said 
second layer further from said IR reflecting layer is at least about 50% oxidized. 

20. The coated article of claim 19, wherein said first portion is from 0 to 20% 
oxidized, and said second portion is at least about 60% oxidized. 

21. The coated article of claim 16, wherein both of said first and second layers 
comprise NiCiO, and are oxidation graded so that each of said first and second layers 
comprises a first portion close to said infrared (IR) reflecting layer being less oxidized than 
a second portion further from said mfrared (BR) reflecting layer than said first portion. 

22. The coated article of claim 16, wherein said coating comprises the following 

layers: 
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at least one dielectric layer; 

said &st layer; 

said IR reflecting layer, 

said second layer comprising an oxide of Ni; 

at least one additional dielectric layer, 

a third layer comprising an oxide of Ni; 

a second IR reflecting layer; 

a fourth layer comprising an oxide of Ni; and 

at least one additional dielectric layer. 

23. A coated article including a coating supported by a substrate, the coating 
comprising: 

a metallic infrared (IR) reflecting layer contacting and sandwiched between first 
and second contact layers; and 

wherein at least said second contact layer is oxidation graded and becomes 
progressively more oxidized through its tiuckness proceeding further from said infrared 
(IR) reflecting layer. 

24. The coated article of claim 23, wherein said coated article has a visible 
transmittance of at least about 70%, an Rsoiar of at least 26%, and a sheet resistance (Rs) 
after heat treatment of no greater than 8.0 ohms/sq. 
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25. The coated article of claim 24, wherein said coated article further comprises a 
second metaUic IR reflecting layer contacting and sandwiched between third and fourth 
contact layers, at least one of said third and fourth contact layers being oxidation graded so 
as to become progressively more oxidized through its diickness proceeding further from 
said second metallic IR reflecting layer. 

26. The coated article of claim 25, wherein said first and second IR reflecting 
layers comprises silver (Ag). 

27. The coated article of claim 23, wherein said second contact layer comprises 
NiCrOx, wherein a first portion of said second contact layer is closer to said IR reflecting 
layer than a second portion of said second contact layer, and wherein said first portion is 
from 0 to 40% oxidized, and said second portion is at least about 50% oxidized so as to be 
more transmissive to visible hght than said first portion. 

28. The coated article of claim 26, wherein said coating comprises, from the 
substrate outwardly, the following layers: 

at least one dielectric layer; 

said first contact layer; 

said IR reflecting layer comprising Ag; 

said second contact layer; 

at least one additional dielectric layer, 

said third contact layer, 
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said second IR reflecting layer comprising Ag; 

said fourth layer contact layer, this layer being oxidation graded; and 

at least one additional dielectric layer. 

29. The coated article of claim 28, wherein said at least one dielectric layer 
between said substrate and said first contact layer comprises at least a silicon nitride layer. 

30. The coated article of claim 28 wherein said coated article has a visible 
transmittance of at least about 75%, an Rsoiar of at least 28%, and a sheet resistance (R^) 
after heat treatment of no greater than 6.0 ohms/sq. 

31. A coated article comprising: 

a coating provided on a glass substrate, said coating comprising from the glass 
substrate outwardly: 

a) at least one dielectric layer; 

b) a first contact layer that is at least partially oxidized; 

c) a first IR reflecting layer comprising Ag; 

d) a second contact layer that is at least partially oxidized, said first IR 

reflecting layer contacting each of said first and second contact layers; 

e) at least one additional dielectric layer; 

f) a tiiird contact layer tiiat is at least partially oxidized; 

g) a second IR reflecting layer comprising Ag; 

h) a fourth contact layer that is at least partially oxidized, said second IR 
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reflecting layer contacting each of said third and fourth contact layers; 
i) at least one additional dielectric layer; 

wherein after being heat treated (HT) and laminated said coated article has a visible 
transmittance of at least about 70%, a Tjoiar no greater than about 50%, an Rjoiar of at least 
26%, and a sheet resistance (RJ of no greater than 8.0 ohms/sq; and 

wherein at least two of said first, second, tiiird and fourth contact layers comprise at 
least Ni or a Ni alloy. 

32. The coated article of claim 31, wherein said (a) at least one dielectric layer 
comprises sihcon nitride SixNy. 

33. The coated article of claim 32, wherein said sihcon nitride Si^Ny is Si-rich so 
that x/y is from 0.76 to 1.5. 

34. The coated article of claim 33, wherein said silicon nitride SixNy is Si-rich so 
tiiat x/y is from 0.85 to 1.2. 

35. The coated article of claim 31, wherein said at least two contact layers 
comprise NiCrOx. 

36. The coated article of claim 35, wherein said at least two contact layers 
comprising NiCrOx are each oxidation graded so that a first portion of each of said at least 
two layers close to an adjacent IR reflecting layer is less oxidized than a second portion of 
said layer that is further fiiom said IR reflecting layer than said first portion. 
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37. A coated article comprising: 

a coating provided on a glass substrate, said coating comprising: 

a) at least one dielectric layer; 

b) a first contact layer; 

c) a first IR reflecting layer; 

d) a second contact layer, said first IR reflectlag layer contacting each of said first 

and second contact layers; 

e) at least one dielectric layer; 

f) a third contact layer; 

g) a second IR reflecting layer; 

h) a fourth contact layer, said second IR reflecting layer contacting each of said 

third and fourth contact layers; 

i) at least one dielectric layer; 

wherein after being heat treated (HT) said coated article has a visible transmittance 
of at least 70%, a Tsoiar no greater than 50%, an Rsoiar of at least 26%, and a sheet resistance 
(Rs) of no greater than 8.0 ohms/sq; and 

wherein said a) at least one dielectric layer comprises Si-rich SixNy where x/y is 
from 0.76 to 1.5. 

38. The coated article of claim 37, wherein x/y is from 0.85 to 1.2. 

39. The coated article of claim 38. wherein said coated article has a haze value of 
no greater than 0.40 after heat treatment. 
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40. The coated article of claim 39, wherein said silicon nitride inclusive layer has a 
dielectric constant "n" of at least 2.05. 

41. The coated article of claim 40, wherein said silicon nitride inclusive layer has a 
dielectric constant "n" of at least 2.07. 

42. The coated article of claim 37, wherein at least two of said first, second, third 
and fourth contact layers comprise Ni or a Ni alloy. 

43. The coated article of claim 42, wherein said at least two of said &st, second, 
third and fourth contact layer comprise NiCrOx- 

44. The coated article of claim 43, wherein said at least two contact layers 
comprising NiCrOx are each oxidation graded so that a iBrst portion of each of said at least 
two layers close to an adjacent IR reflecting layer is less oxidized than a second portion of 
said layer that is further from said IR reflecting layer than said first portion. 

45. A coated article comprising: 

a coating provided on a glass substrate, said coating comprising from die glass 

substrate outwardly: 

a) at least one dielectric layer comprising silicon nitride; 

b) a first contact layer comprising Ni or a Ni alloy at least partially oxidized; 

c) a first IR reflecting layer comprising Ag; 

d) a second contact layer comprising Ni or a Ni alloy at least partially oxidized; 
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e) at least one additional dielectric layer; 

f) a third contact layer comprising Ni or a Ni alloy at least partially oxidized; 

g) a second IR reflecting layer comprising Ag; 

h) a fourth contact layer comprising Ni or a Ni alloy at least partially oxidized; 

i) at least one additional dielectric layer, 

wherein after being heat treated (HT) said coated article has a visible transmittance 
of at least 70%, a Tsoiar no greater than 50%, an Rsoiar of at least 26%, and a sheet resistance 
(Rs) of no greater than 8.0 ohms/sq. 

46. The coated article of claim 45, wherein after being laminated and heat treated 
said coated article has a visible transmittance of at least 70%, a Tsoiar no greater than 50%, 
an Rsoiar of at least 26%, and a sheet resistance (RJ of no greater tiian 8.0 ohms/sq. 

47. The coated article of claim 45, wherein after being laminated and heat treated, 
said coated article has a visible transmittance of at least 75%, a Tsoiar no greater than 48%, 
and a sheet resistance (Rs) of no greater than 6.0 ohms/sq. 

48. The coated article of claim 45, wherein each of said contact layers comprise 
NiCrOx. 

49. The coated article of claim 45, wherein said a) at least one dielectric layer 
comprises said layer of silicon nitride and a layer a titanium dioxide, wherein said titanium 
dioxide is located between said layer of silicon nitride and said substrate. 
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50. The coated article of claim 45, wherein said silicon nitride comprises a Si-rich 
SixNy where x/y is from 0.76 to 1.5. 

51. The coated article of claim 45, wherein said e) at least one additional dielectric 
layer comprises silicon nitride. 

52. A coated article comprising: 

a coating provided on a glass substrate, said coating comprising from the glass 
substrate outwardly: 

a) at least one dielectric layer; 

b) a first contact layer; 

c) a first IR reflecting layer comprising Ag; 

d) a second contact layer, said first IR reflecting layer contacting each of said first. 

and second contact layers; 

e) at least one dielectric layer; 

f) a third contact layer; 

g) a second IR reflecting layer comprising Ag; 

h) a fourth contact layer, said second IR reflecting layer contacting each of said 

third and fourth contact layers; 

i) at least one dielectric layer; 

wherein after being heat treated (HT) and laminated in ttie form of a vehicle 
windshield said coated article has a visible transmittance of at least 70%, a Tsoiar no greater 
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than 50%, an Rsoiar of at least 26%, a sheet resistance (RJ of no greater than 8.0 ohms/sq, 
and a glass side reflective color coordinate value a*G (normal viewing angle) in tiie range 
of from -2.0 to +2.0; and 

wherein said glass side reflective color coordinate value a*o does not change by 
more than 3.0 upon a 60° change in viewing angle (VA) from normal. 

53. The coated article of claim 52, further characterized after lamination and heat 
treatment by: 

Characteristic Value Range 

RgY (normal VA): <= 1 1% 



RgY (60° VA): <= 

a*g(60°VA): -2.0 to +2.0 

Aa* (60° VA change): <= 2.0. 

54. The coated article of claim 53, wherein after heat treatment and lamination 
said coated article has a reflective glass side b* value of from -1 .0 to - 12.0. 

55. The coated article of claim 54, whereui after heat treatment and lamination 
said coated article has a reflective glass side b* value of from -2.0 to - 9 J. 

56. The coated article of claim 53, wherein after heat treatment and lamination 
the coated article is characterized as follows regarding glass (G) side reflection colon 

Parameter Normal VA 60° off-axis VA 



wo 02/04375 PCT/USOl/21088 



58 

a* -2.0 to +2.0 -2.0 to + 3.0 

b* -LO to -12.0 0 to -9.0. 

57. A method of making a coated article including an oxidation graded layer, the 
method comprising: 

providing a substrate; 

providing a sputtering apparatus including at least one target; 

introducing a first gas proximate a first side of the target and a second gas 
proximate a second side of the target, the first gas mcluding more oxygen than the second 
gas so that as the substrate passes below the target an oxidation graded layer is formed, the 
oxidation graded layer being more oxidized at one portion thereof than at another portion 
thereof; and 

wherein the oxidation graded layer contacts an IR reflecting layer in the coated 

article. 

58. The method of claun 57, wherein the target comprises Ni, and wherein the 
oxidation graded layer is sputtered directiy onto the IR reflecting which comprises Ag, and 
wherein the one portion of the graded layer that is more oxidized is further fi-om the IR 
reflecting layer than is the another portion of the graded layer. 

59. The method of claim 57, wherein the oxidation graded layer comprises NiCrOx. 
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60. A method of making a coated article, the method comprising: 
sputtering at least one dielectric layer onto a substrate; 
sputtering a first contact layer over the at least one dielectric layer; 

sputtering a metallic infrared (IR) reflecting layer directly on tiie first contact layer; 

sputtering a second contact layer directly on the metallic IR reflecting layer in a 
manner such that the second contact layer is oxidation graded and becomes progressively 
more oxidized through its thickness away from the IR reflecting layer. 

61 . The method of claim 60, wherein the at least one dielectric layer comprises at 
least a silicon nitride layer. 

62. The metiiod of claim 61, wherein the at least one dielectric layer further 
comprises a titanium dioxide layer. 

63. The method of claim 60, wherein the second contact layer comprises an oxide 

ofNL 

64. The metiiod of claim 63, wherein tiie second contact layer comprises NiCrOx- 

65. A coating support by a substrate, the coating comprising from tiie substrate 
outwardly: 

a first silicon nitride SiJSiy layer; 
a first NiCrOx layer; 
a first Ag layer; 
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a second NiCrOx layer; 

a first dielectric layer; 

a second silicon nitride SixNy layer, 

a third NiCrOx layer; 

a second Ag layer; 

a fourth NiCrOx layer; 

a second dielectric layer; and 

wherein after heat treatment the coated article has a visible transnodssion of at least 
70% and a sheet resistance of no greater than 8.0 ohms/square. 

66. The coating of claim 65, wherein at least said second and fourth NiCrOx layers 
are oxidation graded and become progressively more oxidized through thickness away 
from the corresponding inmiediately adjacent IR reflecting layer. 

67. The coating of claim 65, wherein at least one of said first and second silicon 
nitride SixNy layers is Si-rich so that x/y is from 0.76 to 1.5. 

68. The coating of claim 67, wherein at least one of said first and second silicon 
nitride SixNy layers is Si-rich so that x/y is from about 0.85 to 1.2. 

69. The coating of claim 65, further comprising a titanium dioxide layer located 
between the substrate and the first silicon nitride SixNy layer- 
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70. A coated article comprising: 

a layer system supported by a glass substrate, the layer system comprising from the 
substrate outwardly: 

a Si-rich silicon nitride SixNy layer where x/y is from 0.76 to 1.5 in at least 
part of the layer; 

a first contact layer; and 

an IR reflecting layer. 

71. The coated article of claim 70, wherein x/y is from 0.85 to 1.2 in the entire 

layer. 

72. The coated article of claim 70, wherein the Si-rich sihcon nitride SixNy layer 
has a dielectric constant "n" of at least about 2,05 and an extinction coefficient "k" of at 
least about 0.001. 

73. The coated article of claim 72, wherein the Si-rich sihcon nitride SixNy layer 
has a dielectric constant *'n" of at least about 2.08 and an extinction coefficient "k" of at 
least about 0.003. 

74. The coated article of claim 70, wherein the layer system further comprises at 
least a titanium dioxide layer located between said substrate and said Si-rich silicon nitride 
SixNy layer. 
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75. The coated article of claim 70, wherein said first contact layer comprises 
NiCrOx and said IR reflecting layer comprises Ag. 

76. The coated article of claim 75, further comprising a second contact layer 
comprising NiCrOx over said IR reflecting layer, and at least a dielectric layer over the 
second contact layer. 

77. The coated article of claim 70, further comprising another Si-rich silicon nitride 
SixNy layer where x/y is from 0.76 to 1.5 positioned over said IR reflecting layer, wherein 
at least one layer is provided between said another Si-rich silicon nitride SixNy layer and 
said IR reflecting layer. 

78. The coated article of claim 77, further comprising another IR reflecting layer 
provided over said another Si-rich silicon nitride SixNy layer. 

79. A method of making a coated article, the method comprising: 
providing a substrate; 

sputtering a Si-rich silicon nitride SixNy layer, where x/y is from 0.76 to 1.5 in at 
least part of the layer, over the substrate by using a Si inclusive target and more of an inert 
gas than nitrogen gas proximate the target; 

sputtering an IR reflecting layer over the Si-rich silicon nitride layer; and 
wherein a ratio of the inert gas to the nitrogen gas proximate the target is in the 
range of from 1.15 to 3.0. 
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80. The method of claim 79, wherein the inert gas comprises argon (Ar), and 
wherein the ratio of Ar gas to nitrogen gas proximate the target is from about 1.20 to 2.0, 

81. The method of claim 79, wherein the inert gas comprises argon (Ar), and 
wherein the ratio of Ar gas to nitrogen gas proximate the target is from about 1.20 to 1.50. 
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